Quantitative estimations were made of insulin receptors on liver cell membrane of DBA/2 mice infected with M variant of encephalomyocarditis virus. The virus produced an impairment of glucose metabolism on day 3 of infection, which lasted for 5 months.
Viral infection is thought by some to be an etiological factor in diabetes mellitus. This theory is based on evidence from pancreatic pathology (insulitis), genetics, epidemiology and animal models of virusinduced diabetes. Yoon et al. (1979) demonstrated clinical evidence for the etiological role of Coxsackie B4 virus. They isolated Coxsackie B4 virus from the pancreas of a boy who died of diabetic ketoacidosis and showed that this virus prcduced diabetes in mice.
Changes in insulin receptors were recently found after in vitro viral infection (Shimizu et al., 1980) .
There is yet no report of the effect of viral infection on insulin receptors using the target organ of the infected animals.
The present study investigated the early changes in the insulin receptors after infection with M variant of encephalomyocarditis (EMC) virus.
Materials and Methods

Mice.
Seven-week-old DBA-2 mice were used. They were purchased from the Animal Laboratory, Shizuoka, Japan. Seven to nine mice were housed in one cage. Food and water were available ad libitum.
Virus.
The M variant of encephalomyocarditis (EMC) virus was kindly supplied by Dr. A. L. Notkins of the National Institutes of Health, USA. Stock pools were grown in cultured fibroblast L-929 (mouse fibrosarcoma line) in Eagle's MEM with 5% calf serum.
Virus titers were expressed as 50% tissue culture infectious doses (TCID50).
Mice were inoculated intraperitoneally with 0.5 ml of virus containing TCID50 at 103/0.1 ml. The same experiment was carried out using Coxsackie B4 virus that was kindly supplied by Dr. I. Tagaya of the National Institutes of Health of Japan.
Glucose tolerance test (GTT Meyts and Roth (1975) , K, or average affinity constant, was calculated as (B/F)/(Ro-B), where Ro is the total number of binding sites or the X intercept on the Scatchard plot and K was then plotted as a function of fractional occupancy Y=(B/Ro).
Results
Consumption
of food and water in male mice was decreased on day 3 of infection and increased thereafter.
In female mice, an insignificant decrease in food consumption was observed on day 3 of infection, but water consumption was increased after infection. There was no significant difference between the sexes as to weight gain after infection (Table 1) . At day 3 after infection with M variant of EMC virus, male mice did not show an elevation in fasting blood glucose (FBG), but showed mild glucose intolerance after glucose loading (Table 1) . FBG elevation became apparent on day 7. On day 14, the FBG concentration was high, but the blood glucose concentration after glucose loading was slightly lower than that on day 7. Glucose intolerance with a normal FBG concentration was observed on the fifth week and at month 4 and 5 after infection.
There were no significant changes in fasting IRI concentrations on day 3 and 7 after infection. A marked decrease in fasting IRI was observed on day 14. The plasma immunoreactive pancreatic glucagon concentration was significantly decreased to 71.6 pg/ml on day 3 from a normal control value of 101.5 pg/ml. The female mice showed a milder glucose intolerance than male mice. There was no impairment of glucose metabolism in male and female mice infected with Coxsackie B4 virus. 20% to 80% of cell damage Severe: over 80% of cell damage Histological alterations became evident on day 3 in the pancreatic islets of mice infected with EMC virus. Destruction of the overall architecture of the insular tissue, degeneration of insular cells, pyknosis of nuclei and vascular proliferation were observed (Fig. 1) . However, infiltration of mononuclear cells was not observed in the islets. Table 2 classifies the pathological changes in the islets after virus infection. These changes were observed until day 7 of infection. There were no pathological changes in mice infected with Coxsackie B4 virus. Fig. 2 (males) and 3 (females) show the specific binding of 125-I insulin to liver cell membranes (A) and an analysis of the binding (B). The specific binding of 125-I insulin to the liver cell membranes was 24.3% before infection, and 23.2% on day 1, and 8.7% on day 3 after infection in males. In female mice the specific binding of 125-1 insulin to liver cell membranes was 25.2% on day 1, 13.2% on day 3 and 20% on day 7. The specific binding was markedly decreased on day 3 after infection in both males and females. However, in females, the specific binding on day 7 re-et al.
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Discussion
Infection of DBA/2 mice with M variant of EMC virus produced glucose intolerance. An increase in blood glucose after glucose loading was apparent on day 3 after infection, and a maximal blood glucose rise was observed on day 7. Glucose intolerance continued for 5 months although the severity declined.
Glucose intolerance in female mice was milder than in males at the same stage.
Changes were not observed in fasting IRI concentrations in infected male mice on day 3 and 7, but a remarkable decrease was observed on day 14.
Histological changes in the pancreatic islet cells became evident on day 3, but infiltrations of mononuclear cells were not observed until the 14th day after infection. In the present study, we compared changes in mice infected with EMC and Coxsackie B4 virus, but metabolic and pathological changes were not observed in mice infected with Coxsackie B4 virus, Coleman et al., (1974) reported development of diabetes and acinar cell damage following Coxsackie B4 virus infection in CD-1 mice. However, Ross et al., (1974) found no evidence of hyperglycemia or damage to beta cells in EMC virus infected DBA/2 mice. Variations in the virus or in susceptibility of the host to infection are important factors in the production of diabetes.
The specific binding of 125-I insulin to liver cell membrane was markedly decreased on day 3 after infection. The binding inhibitions were stronger in males than in females. Quantitative analysis was performed to determine whether the lower binding of 125-I insulin was due to a change in receptor concentrations or receptor affinity. The affinity constant of high affinity-low capacity (K1) in male mice was not changed on day 1 and 3. However, the affinity constant of low affinity-high capacity (K2) was slightly decreased on day 1 and significantly on day 3. This indicates that the number of insulin receptor began to decrease on day 1, and was significantly decreased on day 3 after infection. In females, the same tendency was observed, and K2 was decreased on day 3, but increased on day 7. The decrease in insulin receptor was normalized on day 7. Ke in male mice was not changed immediately after infection, but was decreased on day 3 of infection. Likewise, a decrease in Ke was observed in female mice on day 3 and 7 of infection. Decreased Ke was more obvious in males than in females. These findings indicate that decreased insulin binding to liver cell membrane in virusinfected animals is due to a reduction in the number of receptors as well as a decrease in receptor affinity. Shimizu et al. (1980) examined the effect of viral infections on insulin receptors using in vitro radioreceptor assay with 125-I insulin on human-amnion (WISH) cells. These investigators showed that herpes simplex virus and vesicular stomatitis virus produced a significant decrease in insulin binding without evidence of insulin degeneration. On quantitative analysis, this decrease in binding was found to be a result of a decrease in receptor concentration without a change in receptor affinity. However in their experiments, EMC virus did not alter the insulin receptors. The discrepancies between their report and ours might be due to differences in experimental conditions. Craighead and Steinke (1971) showed that infected EMC virus was disseminated in blood after multiplying in the skin and subcutaneous tissues for 24 to 84 h, and viremia usually appeared on or before the third day and persisted for 1 to 3 days. The virus then invaded the tissues. High virus titers were found in tissues by the sixth day. Virus tests in the pancreas were positive for as long as 18 days in some of their experiments. From these findings and our study, it is thought that changes in 
